(1) The characteristics of protein synthesis in microsomal and synaptosomal fractions from rat brain were examined. A high sensitivity to ribonuclease and to cycloheximide, and the need for the presence of pH5 enzymes distinguished protein synthesis in microsomal fractions from protein synthesis in synaptosomes. (2) Under various conditions of incubation synaptosomal fractions prepared in sucrose showed limited protein synthesis compared with synaptosomal fractions prepared by using Ficoll. Such discrepancies could not be attributed to: (i) animal age, (ii) the metabolic state of the synaptosomal fraction, (iii) the absence of bivalent cations in the incubation medium or (iv) the temperature. (3) Protein synthesis in synaptosomal fractions was inhibited 50-65% by cycloheximide, 38-50% by chloramphenicol, 95% by puromycin, 70% by azide and 40% by deoxyglucose; ribonuclease had only a negligible inhibitory effect. (4) As afirst approximation to the localization of the protein-synthetic machinery present in the synaptosomal fraction, the distribution of enzymes and radioactivity in subfractions of prelabelled synaptosomes was determined after osmotic shock with water. Approximately 60 % of the total protein synthesis in the synaptosomal fraction occurred in the intraterminal mitochondria. (5) Protein synthesis in the intraterminal mitochondria did not show any fundamental difference from synthesis in somatic mitochondria, with respect to inhibition by cycloheximide and chloramphenicol. (6) It was concluded that if extramitochondrial protein synthesis occurs in synaptosomes, it must be very low.
It has been demonstrated that the atypical proteinsynthetic activity of brain mitochondria when incubated in vitro in the presence of chloramphenicol (Gordon & Deanin, 1968a,b ) is most probably due to the presence ofcytoplasmic ribosomes entrapped in membranous vesicles of unknown origin (Hernandez et al., 1971; Morgan, 1970) . To substantiate this theory the characteristics of two other possible contaminating systems, microsomal fraction (Rubin & Stenzel, 1965; Zonzely etal., 1964) and synaptosomes (Austin & Morgan, 1967; Appel et al., 1969; Austin et al., 1970; Ramirez et al., 1972a,b) need to be analysed. Further, the proteinsynthetic capacity of the synaptosomes (isolated nerve terminals) is a subject ofcontroversy. It has been proposed that two different protein-synthesizing systems exist in the synaptosomal fraction Autilio et al., 1968; Appel et al., 1969; Festoff et al., 1971) . Other workers, however, maintain that only mitochondria carry out protein synthesis at the terminal endings (Gordon & Deanin, 1968a,b; Bossmann & Hemsworth, 1970; Gordon & Deanin, 1973) . The synaptosomal preparations used by different authors have been obtained by using different methods and the capacity of detached nerve terminals to incorporate amino acids into proteins varies greatly (Appel et al., 1969; Autilio et al., 1968; Gambetti et al., 1972; Hermandez, 1972) . Thus there is some confusion as to whether synaptosomes are able to carry out protein synthesis or not.
The present paper reports the determination of optimal conditions for protein synthesis by nerve terminals isolated on sucrose gradients: fractionation and inhibitor studies have led to the conclusion that the synthesis mainly takes place in the mitochondria and that, under the conditions used, synaptosomal protein synthesis on the whole is very limited. Materials (18-20days old) were killed in the cold by a sharp blow on the neck. The brain was excised within 1 min and chilled in the homogenization medium. The cerebral cortex was separated from the white matter and minced by use of scissors. The mince (1 vol.) was mixed with ice-cold 0.32M-sucrose (9vol.), except when microsomal fractions were to be prepared. The mince (1 vol.) was then mixed with ice-cold 0.25M-sucrose-25mM-KCl-4mM-MgCl2-lOmM-Tris-HCI, pH7.4 (4vol.). Homogenization was carried out in a Potter-Elvehjem-type homogenizer at 0°C with a (Teflon) pestle (diameter 3.2cm, clearance 0.48-0.72mm as measured by the difference of diameters). Six complete strokes of the pestle rotating at 840rev./min were made; the homogenate was then cooled in ice, rehomogenized as above and kept on ice until required.
Isolation ofthe microsomalfraction. Cortical homogenates were centrifuged at 12000g for 20min at 4°C to remove synaptosomes and mitochondria. The microsomal fraction was then sedimented from the supernatant by centrifuging at 1000OOg for 2h at 2°C in the Spinco model L preparative ultracentrifuge. The microsomal pellet so obtained was rinsed twice with the isolation medium and drained by inverting the centrifuge tube. This fraction (yield, 3mg of protein/g of fresh tissue) was either used immediately or was stored at -20°C overnight.
Isolation ofthe pH5 enzyme fraction. This fraction was obtained from the postmicrosomal supernatant (Keller & Zamecnik, 1956 ) by adjusting the pH to 5 with 1M-acetic acid and centrifuging the cloudy solution at 17000g for 20min at 0-40C. The pellet was resuspended in the microsomal incubation medium and used within 24h.
Isolation of the synaptosome fraction. This utilized essentially the same procedure as Gray & Whittaker (1962) . Nuclei, large myelin fragments and cell debris were sedimented from a cortical homogenate at lOOOg for 10min and the pellet was washed twice by resuspension in 0.32M-sucrose and resedimentation at the same speed. The washed pellet (fraction N) was again suspended in 0.32M-sucrose for analysis. The combined supernatants were centrifuged at 17000g for 60min to give a pellet containing mainly small myelin fragments, synaptosomes and mitochondria. After suspending in 0.32M-sucrose this mitochondrial fraction (P2) (8 ml) was layered on to 15ml each of 0.8M-and 1.2M-sucrose which had been left together for at least 1 h before use. The gradient was then centrifuged at 27000rev./min (60000g) in the Beckman L2-65B ultracentrifuge SW 27 rotor for 2h at 2°C. Fractions enriched in myelin (P2A), synaptosomes (P2B) and mitochondria (P2C) separated; these and the relatively clear zones above fraction P2A (fraction PO) and between fractions P2B and P2C (fraction P2BC) were collected for analysis.
For labelling experiments with the material of fraction P2B, the synaptosomes were sedimented by diluting fraction P2B very slowly with an equal volume of sterile cold water, stirring continuously and then centrifuging at 150000g for 15min at 0-40C in the L2-65B ultracentrifuge with the no. 50 angle rotor. The synaptosomal pellet was rinsed twice with the isolation medium and drained by inverting the centrifuge tube. The final pellet was suspended in the incubation medium (0.4ml/g of original tissue) by using a loose glass homogenizer and was used immediately for the incorporation studies.
Subfractionation of labelled synaptosome. Incorporation was stopped by the addition of ice-cold 0.32M-sucrose containing non-radioactive precursor. After centrifugation at 40000g for 30min at 2°C, the synaptosomal pellet was resuspended in water by use of a tight glass homogenizer. Synaptosomal subfractions were prepared on a sucrose density gradient according to the procedure of Whittaker et al. (1964) . The various fractions (Fig. 1) were separated by means of a syringe-operated pipette and then either analysed for marker enzymes or treated with trichloroacetic acid to a final concentration of 5 % (w/v) for analysis of radioactive protein. Because of the low protein content ofsome of the fractions bovine plasma albumin (1 mg/sample) was added to each subfraction as a carrier before the addition of trichloroacetic acid, and allowance was made for the presence ofthis protein when calculating specific radioactivities. The radioactive protein precipitate was collected, washed and counted for radioactivity as described below.
Incorporation studies
Incubation media. The following media were used. (1) Microsomal fraction: samples (1.0mg of protein) were incubated in a medium similar to that used by Campbell et al. (1966) for their ribosomal preparation (microsomal Campbell medium). It contained 0.25M-sucrose, 20mM-Tris-HCI (pH7.6), 10mM-magnesium acetate, 40mM-NaCl, 100mM-KCI, 6mM-2-mercaptoethanol, 0.05AM of each of the 20 amino acids except L-leucine, 0.1mM-GTP, 2mM-ATP, 5mM-phosphoenolpyruvate, 10,ug ofpyruvate kinase/ ml and 7.0-1.Omg of pH 5 enzyme/mg of microsomal protein.
(2) Synaptosomal fraction: unless otherwise indicated, samples (1.0mg of protein) were incubated in a medium similar to that used by Autilio et al. 1974 - (1968) for their synaptosomal fraction (Autilio medium), and contained 0.033M-Tris-HCI, pH7.6, 0.1M-sucrose, 100mM-NaCl and 10mM-KCI. Incubation conditions. Subcellular fractions were suspended in the above media and incubated in sterile stoppered vials with air as the gas phase at 300C for a given time in the presence of the appropriate radioactive amino acid. The vials were shaken at 100cycles/min in a Dubnoff bath.
Measurements of radioactivity in protein. In experiments on the incorporation of amino acids into proteins, the vials were transferred to crushed ice after the incubation and the contents diluted with the appropriate unlabelled amino acid (2mg/ml) followed by cold trichloroacetic acid to a final concentration of 5% (w/v). The protein precipitate was washed by the method of Simkin & Work (1957) and transferred to an Oxoid membrane (Oxoid Ltd., London E.C.4, U.K.) by filtration, and radioactivity was measured in either a Packard Tri-Carb or a Beckman LS 150 liquid-scintillation counter with toluene scintillation fluid (lOml) containing 4g of Vol. 142 PPO (2,5-diphenyloxazole) and 50mg of POPOP [1,4-bis-(5-phenyloxazol-2-yl)benzene]/litre to an efficiency of 70-85% for 'IC and 10-15% for 3H. The 'IC channel was used to count 35S. Allowance was always made for a sample taken at zero time the counts of which were generally very low. The statistical accuracy of counting was between ±2 and ±5%.
Bacterial contamination. All apparatus, media and instruments were sterile. Possible contamination at the end of the incubation was checked by placing a sample (0.1ml) on blood-agar plates at 370C. If after 72h more than 200colonies/ml were found, the results were discarded.
Protein concentration. This was determined by the method of Lowry et al. (1951) with bovine serum albumin as standard.
Results
Protein synthesis by the brain-cortex microsomal fraction Incorporation studies. Maximal amino acid incorporation was achieved at a ratio of 0.7-1 mg of crude pH 5 enzyme protein to 1 mg of microsomal protein (Fig. 2) . Similar ratios have been reported by Rubin & Stenzel (1965 ) and Campbell et al. (1966 ). Zonzely et al. (1964 , however, found that higher ratios were necessary for optimum amino acid incorporation. These inconsistencies may arise from the different procedures used by these various authors.
The increase in amino acid incorporation by the microsomal fraction in the presence of pH5 enzyme protein is one of the distinctive features of braincortex microsomal protein synthesis, since neither the washed P2 fraction (synaptosomal-mitochondrial (Campbell et al., 1966; Gordon & Deanin, 1968a) , whereas it is a powerful inhibitor in brain mitochondrial and synaptosomal preparations (Gordon & Deanin, 1968a) . It was assumed therefore that cytoplasmic ribosomes make little contribution to the protein-synthetic activity displayed by their mitochondrial fractions. Although the different concentrations of cycloheximide used in these studies cannot account for the facts, they can be explained by the different proportions of membrane-bound and free polyribosomes present, since Glazer & Sartorelli (1972) have shown that cycloheximide has a higher inhibitory effect on protein synthesis in the former than in the latter polyribosomes. Also, both Campbell et al. (1966) and Gordon & Deanin (1968a) carried out their experiments on samples of cytoplasmic ribosomes which had been isolated after treatment with deoxycholate, whereas our experiments were performed on a crude microsomal preparation. Caution is therefore necessary in the interpretation ofresults obtained with inhibitors of protein synthesis.
Mechanism ofprotein synthesis by the microsomal fraction. As brain microsomal protein synthesis was sensitive to cycloheximide, it was desirable to demonstrate the presence of 80S ribosomes in the microsomal fraction. After being pulse-labelled for 3min in the presence of ['4C]leucine, cortex microsomal fractions were fractionated on sucrose gradients (Fig. 3) . The gradients yielded a radioactive 80S peak and a polyribosome peak with an S value of 110-115. The remaining radioactivity (approx. 70% of the total applied to the sucrose gradient) was recovered as a pellet at the bottom of the sucrose gradient and was probably polyribosomal in nature.
The ratios of E260/E280 were abQut 1.80 for the 80S peak and 1.75 for the 110-115S peak, and were similar to those reported by Murthy & Rappoport (1965) for guinea-pig and rat brain cytoplasmic ribosomes and by Zonzely et al. (1966) for rat brain-cortex cytoplasmic ribosomes. The latter authors also found a 56S peak in their cytoplasmic ribosomal profile which is completely absent from my preparations after both radioactivity and absorbance scanning of the sucrose gradients. However, this ribonucleoprotein component was only found when the media in which the ribosomes were suspended and analysed contained very low Mg2+ concentrations (1 mm or less) and high K+ concentrations (100mM), and it seems probable that it was a breakdown product of the 80S ribosomes.
Protein synthesis by the synaptosomalfraction
It has been demonstrated by enzymic and electronmicroscopy studies (Whittaker et al., 1964; Hermandez, 1972) that this fraction appears to be sufficiently pure for the subsequent protein-synthesis studies.
Incorporation studies. Since Austin & Morgan (1967) into the synaptosomes in a linear fashion without a time lag, a considerable amount of work has been done on the process of protein synthesis in these structures Autilio et al., 1968) . The conditions of incubation used by the latter authors were chosen for the incorporation studies because they appeared to be optimal for synaptosomal protein synthesis and also because the composition of the medium is very simple. However, the synaptosomal fractions prepared in sucrose showed a limited activity in protein synthesis when compared with that displayed by the synaptosomal fractions prepared in Ficoll (Autilio et al., 1968) , under the same conditions (see below). There are several possible reasons for such differences. The effect of animal age (Austin & Morgan, 1967 ) can be discounted since in both their work and the present work animals of the same age have been used. Other factors analysed are listed below.
(1) Metabolic states of the synaptosomal fraction: incorporation of labelled amino acids into synaptosomal proteins could be affected by damage suffered during purification. As an indirect check, fraction P2 was labelled under conditions where the activity of this preparation in protein synthesis was highly sensitive to cycloheximide and the product was then further fractionated on sucrose gradients. Table 1 shows that only 4.3% of the total labelled protein (Hernandez, 1972) . Further, samples prepared by our methods (Fig. 4) , under the conditions used by Autilio et al. (1968) , gave an incorporation on 0.5 pmol of [3H]leucine/mg of synaptosomal protein after 30min at 30°C, which is similar to that reported by the same group (Gambetti et al., 1972) for an ultrastructural radioautographic study of protein synthesis in vitro by synaptosomal preparations from Ficoll gradients, This is in marked Previous results (Hernandez et al., 1971; Gambetti et al., 1972) , showing that the relative specific radioactivity of the ribosome-containing membranebound particles present in their synaptosomal preparation was up to ten times higher than that of the presynaptic ending, support my hypothesis that there is very little, if any, protein synthesis by the synaptosomes and that amino acid incorporation by isolated synaptosomal fractions should be interpreted with care.
(2) The effect of bivalent cations in the incubation medium. In synaptosomal preparations better incorporation is attained in the simple medium of Autilio than in the more complex medium B (Hernandez et al., 1971) (Fig. 4) . When an Autilio medium, modified by adding (final concentrations) 2mM-MgCl2, 2mM-MnCI2 and 1 mM-CaCl2 (Festoff et al., 1971) , was used the incorporation of amino acids into synaptosomal proteins was inhibited (Fig. 5 ) and aggregates were formed during the incubation process. All subsequent studies were therefore carried out in simple Autilio medium.
(3) The effect of temperature on synaptosomal protein synthesis was investigated. (1970) showed that synthesis by their synaptosomal fractions depended on the operation of the Na+-K+-activated ATPase* and also that ouabain (0.5 nM) depressed the incorporation of amino acid in a time-dependent fashion. We have confirmed this result with ouabain ( Fig. 6 ) in contrast with work by Ramirez et al. (1972b) .
Contribution of the intraterminal mitochondria to synaptosomal protein synthesis. This was analysed in two types of experiments.
(1) The localization of the protein-synthetic machinery in these preparations was established approximately from the distributions of enzymes (Hernandez, 1972) and radioactivity in prelabelled synaptosomes in vitro analysed after osmotic shock * Abbreviation: ATPase, adenosine triphosphatase. Vol. 142 with water in a 0.4, 0.6, 0.8, 1.0 and 1.2M-sucrose gradient (Fig. 1) .
Enzyme markers and morphological study (Whittaker et al., 1964; Hernandez, 1972) show that mondisperse synaptic vesicles congregate in fraction D, fraction E contains membrane fragments of microsomal dimensions, fractions F and G external synaptosomal membranes, fraction H partially disrupted synaptosomes and fraction I consists largely of intraterminal mitochondria. The clear top band consists of soluble cytoplasmic constituents of the synaptosomes diluted with water and is devoid of particulate material.
Similar experiments were carried out in the presence of labelled amino acids ([35S]methionine) and inhibitors of protein synthesis (cycloheximide and chloramphenicol) and the distribution of label and inhibitory actions were as shown in Tables 3 and  4 respectively. Two identical fractions of synaptosomes were incubated for 30min, one with inhibitor and one without (control). No significant differences existed in the percentage of label in the different fractions, whether labelled with leucine or methionine (Table 3) . Further, in the three gradients almost 60 % of the total amount of radioactivity was associated with the intraterminal mitochondria and the partially disrupted synaptosomal fractions, 14% was associated with the soluble components ofthe synaptosomal preparations and 10-14% was associated with the synaptosomal membrane fragments that layered between 0.8 and 1.OM-sucrose. Approximately 5% of the radioactivity appeared in the synaptic vesicles, possibly by diffusion of some soluble components belonging to fraction 0. From the relative specific radioactivities it can be seen that only those fractions enriched in mitochondria showed a significant increase in label. Qualitatively, chloramphenicol mainly inhibited those fractions enriched in mitochondria, whereas cycloheximide mainly inhibited those enriched in membrane and soluble synaptosomal fractions. Thus it seems that two separate systems are indeed operating in the synaptosomal preparation, one located in the mitochondrion or in the junctional complex (Ramirez et al., 1972b) (sensitive to chloramphenicol) and the other located probably in contaminating structures (sensitive to cycloheximide). This conclusion is supported by our experiments with isolated intraterminal mitochondria (see below) and the work of Hernandez et al. (1971) in which the existence of 55S ribosomes in synaptosomal mitochondria was demonstrated. The eukaryotic ribosomal system which was thought to be within the synaptosome is thus still open to question. when an ATP-generating system was used, it was shown that no fundamental differences exist between this fraction and the other mitochondrial populations already studied with respect to inhibition by chloramphenicol (Fig. 7) . The kinetics of incorporation of amino acids by the intraterminal mitochondria were very similar to those shown by the purified mitochondria when incubated (Hernandez et al., 1971) in the ATP-generating system. Further, proteinsynthesiswasinhibited90%bychlorampheni-col and 99% by puromycin but only 10% by cycloheximide. This fraction also possesses a 50-55S ribosome (Hern4ndez, 1972 (Autilio et al., 1968; Appel et al., 1969; Austin & Morgan, 1967; Festoff et al., 1971) .
Anomalous protein synthesis observed in brain mitochondria and synaptosomal preparations is probably caused by a contamination of the preparations by a ribosome-containing particle that contains soluble enzymes and is limited by a plasma membrane. However, the possibility that some proteins in the terminal endings arise from sources other than local mitochondrial protein synthesis or axonal transport cannot be discounted. There is evidence to support the conclusion that if eukaryotic ribosomal protein synthesis occurs at the terminal ending of the neuronal cell its activity is very restricted (Barondes, 1969; Droz & Konig, 1969) . Similar conclusions were reached by Gambetti et al. (1972) in an ultrastructural radioautographic study. They also suggested that another proteinsynthesizing system operates in the presynaptic ending in vitro, since label was found in radioautographs that contained no mitochondria, and radioactivity not associated with mitochondria was detected when the synaptosomal fraction was incubated in the presence of chloramphenicol. However, the concentration of presynaptic terminal endings that do not contain mitochondria was very low in their preparation, and the characterization of such structures as terminal endings is subject to some bias. Further, no experiment with puromycin (which inhibits protein synthesis by 100%) was reported and the problem of background due to adsorbed radioactive label ([3H] leucine) is, in our view, not clearly resolved. Recent demonstrations of rapid axonal transport in the central nervous system (Karlsson & Sjostrand, 1971) and rapid retrograde transport of proteins in the central nervous system (La Vail & La Vail, 1972) seem to imply that there is no need for local protein systhesis other than that owing to the mitochondria in the terminal ending of the neuron. The results of Ramirez et al. (1972b) on the characteristics of the protein-synthetic activity at the junctional complex raise interesting questions about the mechanism and functional significance of such a process. However, the nature of the products synthesized by the brain mitochondria preparations isolated by Ramirez et al. (1972b) differed from those synthesized by rat liver and rat brain mitochondria (Hernandez, 1972) .
